, the position of functional and structural studies will likely be tive voltage will cause HCN channels to close, decreasrequired to fully address these questions. ing Na ϩ influx and thus limiting the extent of the depolarLocalization of an Intracellular Gate ization.
Although HCN channel gating has inverted voltage deVoltage Dependence of Activation pendence compared to the gating of K v channels, HCN Why are HCN channels activated by hyperpolarization?
and K v channels share significant sequence similarity in Their sequence is quite similar to that of canonical K v the pore and the voltage-controlled gate. Recent studies channels in the S4 voltage-sensing region. Why, then, have focused on determining the location of this gate is the polarity of activation reversed in HCN channels and how it functions to regulate the activity of HCN compared to K v channels? One possible explanation channels. The bradycardic agent ZD7288A is a selective is that the S4 segments move with opposite polarity: blocker of HCN channels. This compound has proven to outward with depolarization in K v channels and inward be extremely useful in localizing the hyperpolarizationwith depolarization in HCN channels. A second possibilactivated gate. When applied to the intracellular side of ity is that, although the S4 segments move outward the channel, this large blocker can enter and exit the with depolarization in both channel types, The extensive intersubunit contacts in the C linker structure as well as the presence of cAMP in the CNBD suggest that the structure reflects the open state of the channels. However, a comparison of the structure with functional data from CNG channels makes this conclusion less clear. In CNG channels, the proximal C linker has been shown to form a number of metal binding sites the structure, the proximal C linker regions do not show physically and energetically coupled to produce the complex, highly-tuned behavior that is required for their cellular function. From the similarities and differences between HCN and K v channels, we are likely to learn important lessons about the coupling between S4 movement and opening of the activation gate in all voltagegated channels. Finally, comparing HCN and CNG channels may provide insight into how cyclic nucleotide binding modulates the function of these and other ligand-gated channels.
